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I. INTRODUCTION

During this report period, we completed fabrication of

two additional bitometers and are now completing the final

calibration of these instruments.

We developed a new computer program that essentially

incorporates all the desirable features of the old program.

In addition, the new program gives a continuous estimate of

how the repellency of test compounds differs from that of

controls. Thus the data are handled much more efficiently.

We also continued work with the crayfish intestine

preparation in efforts to test the GABA* hypothesis in a

physiological system.

Ganma-aminobutyric acid.
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p L1. 7HE NEW BITOMETEýRS

We have constructed a total of three bitometers. 1' 2  These

instruments are in the final stages of calibration, and preli-

minary tests have shown that they are sufficiently sensitive to

respond to the biting of even a single mosquito and that they

operate satisfactorily in our assay system. We anticipate that

these meters will considerably simplify and expedite the experi-

mental work.

_11. 1H NEW C*MPUTER PROGRAM

In previous reports the computer printout for the repellency

test data gave confidence limits in terms of differences from con-

trol values. As a result, we could state with a given level of

assurance, reflected in the 95% confidence limit, whether a given

compound significantly decreased the mosquito biting of a treated

mouse over that of an untreated control. We had no means, however,

of estimating how different from control values the tests were.

In order to estimate this difference, we modified the com-

puter program, 1 ' 2 so that the control values could be multi-

plied by any fraction, i-e., 0.9 or 0.75, etc., to ascertain

the point at which repellency did not differ significantly from

the fractional value of controls at the 95% confidence level.

Kashin, P., "Development of an Orally Effective Insect Repel-
lent," Report No. IITRI-L6021-9 (Quarterly Progress Report),
Contract No. DA-49-193-MD-2281 conducted by IIT Research Institute,
Chicago, Illinois, January 31, 1967.

2Kashin, P., "Development of an Orally Effective Insect Repel-
lent," Report No. IITRI-L6021-10 (Quarterly Progress Report),
Contract No. DA-49-193-MD-228i conducted by IIT Research In-
stitute, Chicago, Illinois, April 30, 1961.

lIT RESEARCH INSTITUTE

2
V.

,tA



Thus the compounds could be ranked according to their repollency

at given treatment levels, even when two compounds are repellent

at the 95% level of confidence. in other words, we can state

'• Ithat one compound reduces biting more than another) even though

i both are significantly repellent.

This method of handling the data, however, became cumbersome.

j The fractions chosen for multiplying the control values w% -e

discrete, and a continuous comparison In terms of differences

from controls could not be obtained. This method was also ex-

-- pensive in terms of computer time, since the data had to be com-

puted separately for each fraction of the control values.

Thus a new computer program was developed that gives a con-

tinuous ranking of compounds in terms of control values. It is

- now possible to determine at a glance the effectiveness of a

repellent, i.e., how much biting is decreased when compared to

the optimally weigl)ted controls.- For clarity, we have recom-

puted the data that we submitted in e last report 2 with the

new program. The appendix shows these data. Further assays

that were subsequently performed on these same compounds are

also included in this data. Further testing needs to be done

with some of these compounds and the lower limits of repellency

for compounds whose limit has not yet been retLched should be

established.

3Kashin, P., "Development of an Orally Effe-!tive Insect Repel-
lent," Report No. IITRI-L6021-8 (Annual Report)ý Contract No.
DA-49-193-MD-2281 conducted by IIT Research Institute, Chicago,
Illinois, October 31, 1966.
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It should be mentioned that the "conditioning" p zocedure

described in the last report,2 i.e., placing a bronze mesh on

the mosquito container 24 hr before the test, is no longer

being done. A statistical discriminant function analysis of

the controls has shown that this porocedure does not siguifi-

cantly improve or in any way change the results of the tests.

lae majio,.r change in the -outer printout can be seen in
the column that was formerly Rled "confidence level (PCT),;-"

this column now reads "weighte ,rcent of controls." Two

numbers for each test compound a±e entered in this column. The

first, unlabeled number is the percentage of decrease in biting

from the controls for a given series of tes,.s. The second

number is labeled "upper bound." This numler replaces the

confidence limit; any value below 100 indicates that this com-

pound is significantly repellent at the 95% confidence limit.

The magnitude of the number indicates how close to the 95%

confidence limit the compound is repellent. A very low number

indicates that the compound is more repellent than a high number

even though both may fall within the 95% confidence limit if

they are less than 100. A value of 100 or greater for the up-

per bound indicates that the compound is not significantly re-

pellent when compared with parallel controls and that it does

not fall within the 95% confidence limit. Comparison of the

entries in this report with those in the previous report2 II-

lustrates these points. Thus, with the new computer program,

the repellency of various compounds can be ranked according

OiT ItSIEARCH INSTITUTE
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to their differences from controls at similar lovels of treat-

mont and sound Judgements of relative repellency are based upon

firm statistical grounds. J
I

LV. STATI sTCAL FORMULAS,

The following discussion presents the formulae used to de-

fine the percent of control and the upper limit (bound), which

indicates statistical significance, and includes a brief de&-

cription of the application of these indicators.

The program for the contrast analysis was modified so that

the weighted mean of the repellency index is given as a percent

of the control response, and statistical significance is indi-

cated by the 95% confidence level upper bound. This level is

represented by a value of 100 for this statistic. This replaces

the indication of confidence level and permits a comparative

ranking of compounds by their significance level. Uncertainty

concerning the extremes of the distribution are ameliorated by

this approach. The 95% limits are relatively stable with res-

pect to variations from normality (i.e., a robust statistical

estimate) as compared with higher levels of confidence.

In order to give a complete formulation of these statistics,

it is necessary to repeat the fornulation of the t-test for
3

significant differences.

The following formulae take into account the fact that the re-

pellency index for untreated controls repeatedly shows significant

day-to-day variation. This day effect is removed in the contrast

$it A1$1AACH INSTITUTI
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analysis, which includes an efficient statistical test of

significance of variations from the mean of the control ob-

servations as followst

xi (C) is the mean of control observations on day i,

Xi (T) is the mean of test observations on day i.

Mi is the number of control observations on day i.

Ni is the number of test observations on day i.

Wi is the weight for the contzast for day 1.

wi • +N•)(1)

W= i Xc)(2)
1• i wi

i Wi Xi(T)

iwX:•=, Wi (3)

K(T) = X - x (4)

where K(T) is the weighted average of the contrast for the

test group.

Equation 4 is the optimum contrast weighted by the number

of test and control observations on each day.

Let S2 represent the mean square error and Iat f be the

nwiiber of degrees of freedom for the err-or in the analysis

of variance for the day-to-day variation in control obser-

vations. Then the variance for the weighted average for the

contrast of the test group K(T) is-1iT RiISARýH INSTITUTI

6i_



Var K(T) 52i 1 iI ± Ni

g |1The two-tailed test of significance, allowing equal ris)k of

variations above and bolo%, the control mean, is used at the

95% confidence limit. If,

_KL(L- > t 9 7 5 (f), (6)

then the test group, T, is significantly different from the

vontrol group at the 95% confidence level.

For comparison it is convenient to represent the repel-

lency index of the tests as a percent of the repellency index

of the controlsi

Percant of controls

The upper limit for this percent of controls is a convenient

indicator of significance as well as of the level of estab-

lished merit, i.e., the distance from this upper limIt or

ranking. Ibis upper limit is dve•o•ped by "multiply.'i..g by

and adding X(T-) on both side of the above Inequality

6:

X(T) + K(T) > X(T) + t. 9 7 5 (f) a/'rK (7)

The weighted average for the contrast for the test group ac6

developed in a previous report3 is:fI
.T lRESEARCH INSTITUTI
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- , -

K(T) - T - R7,(W)

or the difforence botwoon the means of the con%.rol obserna-

tions on day i and the test observations on day I.

Substituting ii the left side of the abcvo inequality

(7) gives:

Ij X(T) + K(T) (T) (9)

and dividing by the left side gives:

X('r) + t 1=q 5M Vari~ (K01 > .. . _ z ( oI>
|
I Expression 10 is our teat of oignificance. The right side

f£ the expression is the upper bound for the percent of con-

trol repellency index. If this upper bound is equal to or

greater than 1, the repellency index of the test compound 1.s

not significantly different from that of the untreated con-

trols.

The number 3 is given in terms of percent, as previously

shown, and is equivalent to 100 in the upper bound computation

of the computer output.

This index is useful for indicating the level of reduc-

tion of biting that can be assured at a given point in testing.

If few tests have been run, a compound that shows a low per-

cent of control but has a high upper bound occasionally occurs.

lit 41$3AICH INSTITUT1
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Ibis may soon contradictory. However, thia resiult simply

indlcaten that further testi ng may bq required to estab-ish -

the efficacy of the tost compound.

'Me index autcaiatically takes into account control vari-

ation and the number of test and control observations for all

days of the teot. °Thus tests can be scheduled for conven14nce

and maximum officioncy.

V. PHYSIOLOGICAL INVESTIGATIONS OF GADA-CO, C•oMPLEXES

We performed a number of experimente with the crayfish

intestine preparatioardescribed in past reports, in continu-

ation of tests of the validity of the GABA-C0. 2 hypothesis In
a physiological system, Various modifications of the testing

procedure had to be made, and it now appears that our test

system is working. We have obtained presumptive evidence
that a GABA-CO2 complex may indeed diminish GABA in~hibition.

The methods and data will be discussed when more experimental

evidence has been accumulated.

A
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VI. PERSONNEL AND RECORDS

The author is grateful to Mr. Clarence Boyle for his techni-

cal assistance in this work and to Mr. Merl L. Kardatzke for the

development of the statistical methods and computer program used

in analyzing the data. All data are recorded in Logbook C17599

j and preserved in the form of keypunch cards, computer output

sheets, and electronic and kymograph chart recordinys.

Respectfully submitted,

IIT RESEARCH INSTIITTE

Philip Jashin
Associate Biochemist
Life Sciences Research

Approved by:

E. Jewrylewi jz
Assi* ant Dire 'or
Life Sciences gesearch

PK/cg
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APPENDIX

ASSAY OF COMPOUNDS F•R REPELLENCY

The control values upon which the tests of repellency of the

following compounds were based are shown in Appendix A. The ab-

breviated compound names and the treatments listed on the com-

puter program are defined below.

Computer Listing Compound Name, Formula and Treatment

AO- and YO- series Supplied by Dr, R. P. Oaintana of the

University of Tennessee.

3-NH2-1-PROPANOL 3,-Amino-l-propanol

CH 2 (OH)CH 2 CHi2 (NH 2)

3-DEA-1-PROPANOL 3-Diethylamino-l-propanol

(C 2 H5 ) 2NCH 2CH2CH 2 (OH)

1 -DEA-2-PROPANOL 1-Diethylamino-2-propanol

(C2H5 ) 2NCH 2 CHH(OH)CH 3

4-DEA--1-BUTANOL 4-Diethylamino-l-butanol

(C 2H 5 ) 2NCH 2CH 2CH 2CH 2 OH

3-DMA-1-PROPANOL 3-Dimethylamino-l-propanol

(CH 3 ) 2N (CH2 ) 30H

I-DMA-2-PROPANOL l-Dimethylamino-2-propanol

(CH3 ) 2NCH 2CH (OH)CH 3

lIT RESEARCH INSTITPTE
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.oi.e Ls ting CoMpound Name. FEormula and Treatmen)-

F!4-*4A-1-BUTANOL 4-Dimethylamino-1l-butanol

(CH ) 2N(CH )40ON

H 1133TETPAMETHUJREA 1,1,3, 3-tetramethylurea

(CH ) 2NCON(CH 3 2

DEA ACETCINE Diethylamino acetone

it(C 2 HS) 2 NCH 2COCH 3
GABA-EIHYL-hESTER Gamina-azninobutyrate ethyl ester

(NH ) CH2CH CH2COOC H~

2 '4ýETflOXYiANOL 2- (2-Aminoethoxy) -ethanol
Ii

H NCH 2CH 2OCH 2CH OH

3-BUTENE-2-OL 3-Butene-2-ol2

CH3CH (OH) CHi:CH 2

4 AMBUTALDDEAHWNB 4-Aminobutyraldehyde diethyl acetal

Hydrolyzed in water with hydrochloric

acid, neutralized with base

2AM-BEt4ZALDEHYDE 2 -Aminobenzaldehyde

0H2 N(C 6 H 4 )CHO

Nt4DIEThETCLBENZAM* N ,N-Diethylmetachlorobenzamide

M-(C 2H 5 )2 NCO(C 6 H4 )c1

4DEALETHOXY BENZA 4- P(Diethylarnino) -ethoxYJ -benzaldehyde

(C 2H 5 ) 2NCH 2CH2 0C 6H4 CHO

Submitted for testing by Johnson's Wax Corporation, Racine,
Wisconsin.

11T REEARCH INSTITUTO
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Compter Listing Coniound N-ame .Formulia and Treatment

' NNDIP BNYLF'ORMIDE N N.-Diphenylformami de

HC ON(C H)

DEAACETALD DEACET Diethylaminoacetaldehyde diethyl acetal

(C H) 2 NCH CH<O(CH)s

lIT REER"INSTITUTE
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